A questionnaire survey and focused group discussions were conducted to characterize sheep production systems and traditional breeding practices of Gumz sheep as an essential step for designing the Gumz sheep breed conservation and improvement programme. A total of 240 households were included in the study during the period of November 2016 to March 2016. Smallholder farmers kept sheep as a source of income, meat and wealth with an index value of 0.43, 0.19 and 0.15, respectively. Important purposes of large scale farmers for keeping sheep were source of cash income (0.57) and investment opportunity (0.22). Average sheep flock sizes were 17.25 ± 0.68 and 90.63 ± 5.38 at smallholder and large scale production systems, respectively. Smallholder sheep flocks' composition was 7.47 ± 0.28 Gumz, 3.68 ± 0.25 Rutana and 4.52 ± 0.22 Rutana-Gumz crossbred sheep. The corresponding figures for large scale farms were 21.2 ± 1.4, 30.7 ± 1.69 and 24.7 ± 1.47 sheep. The average numbers of rams in the smallholder sheep flocks were 0.31 ± 0.04 Gumz, 0.39 ± 0.04 Rutana and 0.24 ± 0.03 crossbreds, respectively. The corresponding figures for large scale farms were 3.10 ± 0.13 Rutana and 0.90 ± 0.14 crossbreds. The Gumz sheep was large in number, but farmers prefer Rutana and its crosses than Gumz in both systems. Diseases, stock theft and labour shortage were reported as the main constraints of sheep production. Although the pure Gumz breed meets the multifaceted roles of sheep for the smallholder farmers, the Gumz sheep population was declining in number in the study area due to uncontrolled breeding with Rutana and high preference of farmers for crossbreds over Gumz sheep. It is observed that there is a risk of dilution and loss of genetic diversity of the Gumz sheep. Hence, we rec- 
Introduction
Ethiopia is endowed with diverse agro-ecological zones and corresponding large and diverse sheep resources numbering about 28.3 million heads [1] . Sheep are important sources of cash income and living banks to their owners [2] [3] . Sheep also play an important role in providing export commodities such as live animals and skins/leather to earn foreign currency [4] . Sheep account for 19% and 95% of the total livestock and small ruminant live animal export, respectively [5] . Ethiopia's lowland sheep and goat breeds are in high demand in neighboring and Middle East countries. Lowland breeds are more preferred than highland breeds by exporters [6] . The performance of the sheep industry has been poor compared with other African countries due to inadequate feed and nutrition, widespread disease and health problem, poor management and marketing system [7] [8] . The current sheep production may not be meeting the increasing domestic demand due to increased human population and urbanization [9] .
There is also increasing demand for sheep and sheep products in the neighbouring countries like Sudan and North African countries, which is an opportunity for producers. Northwestern lowland of Amhara region is among the high potential areas for livestock production and for the supply of live animals to the Sudan market [10] and used either for local consumption or for re-exporting to Egypt, Libya and Yemen. The major sheep breeds kept in this area are Gumz, Rutana and their crossbred. The local Gumz sheep are prolific, adaptable to the hot environmental condition of the area and known for their tasty meat [11] .
However, farmers in the study areas are reported to be more interested in the Rutana and their crossbred with Gumz sheep which are more preferred than the indigenous Gumz breed in the export market. High human population growth and improvement of living standard increase the demand for animal protein, which consequently leads to bulk supply of the best animals and crossing with exotic breeds to meet the demand for large number and best animals in the market. This is seriously threatening the existence of indigenous populations.
Hence, the current drive for rapid livestock development through crossbreeding and the threat status of indigenous sheep [12] requires research to design and implement suitable breeding strategies so as to improve productivity and conserve indigenous breeds. Absence of adequate baseline information about the production system is considered as one of the bottlenecks for development of strategy for breed improvement and conservation in most developing countries.
[13] also underlined the need for comprehensive description of the production system in order to understand the special adaptative character of breeds and designing of breeding programmes. Thus, characterization of production system, breeding practices and major production constraints help to ensure sustainable use and development of sheep genetic resource. This information is also useful for policy makers and extension services to plan improvement and conservation strategies for the sheep breed. This study was therefore undertaken to generate information on the sheep breeds and breeding systems, to characterize the production system, to describe the production objectives and breeding practices of the sheep keepers, to provide baseline information for designing conservation-based breeding programs for Gumz sheep and rational utilization of the Rutana sheep genetic resource.
Materials and Methods

Study Areas
The study was conducted in the lowlands of north western Ethiopia, Amhara region, along the Sudanese border, in Metema and Quara districts ( Figure 1 ). Metema and Quara districts were selected for conducting the study due to accessibility and distribution of the sheep breeds studied purposively. In both of the Figure 1 . Map of study districts in North Gondar Zone of Amhara region. districts, agricultural production is characterized by a mixed crop-livestock production system. The major crops grown are sesame and cotton, which are the major export commodities of the country [14] . Metema is located between 12˚40'N and 36˚8'E. It is situated at an altitude ranging from 500 to 1608 m.a.s.l.
It has a uni-modal pattern of rainfall (June to September); with annual rainfall ranging from 850 to 1110 mm with a minimum and maximum average temperature of 22˚C and 43˚C, respectively [11] . The production system of Metema district is characterized as a small scale and large scale mixed crop-livestock system. Sheep production is a common practice. Quara is located between 11˚47'N and 12˚21'N latitude and 35˚16'E and 35˚47'E longitude. The district is situated at an altitude ranging from 528 to 654 m.a.s.l. The annual rainfall range from 600 mm to 1200 mm, and the average daily temperature is 31˚C with 41.1˚C and 19.2˚C maximum and minimum temperature, respectively [15] . Sheep production in the area is practiced both by smallholder and large-scale farmers.
Sampling Strategy and Data Collection Procedures
In the north western lowlands, the study areas were classified into two production systems (smallholder and large scale crop-livestock production systems) based on sheep flock size, farmers sheep production practice, their breed preferences, level of input use and marketing systems. Multi-stage stratified sampling was employed to select Kebeles purposively based on sheep breed distribution, sheep population and accessibility. Three Kebeles were selected from each district representing smallholder production systems. Similarly, three investment sites were selected based on sheep breed distribution, sheep population and accessibility from each district representing large-scale production systems. Accordingly, a total of six kebeles (3 from each district) representing smallholder systems and six investments site (3 from each districts) representing large-scale production systems were selected. To calculate the total sample size, the following parameters were considered: 95% level of confidence (CL), 5% desired level of precision and about 20% of the farmers kept both Gumz and Rutana sheep as confirmed by [11] in the study areas that are known for keeping Gumz sheep; thus, the sample size is determined using the single population proportion formula as described by [16] : Therefore, based on the above formula, the total sample size was 240 households. 180 of them would be sheep owners from smallholder production systems, and the rest 60 respondents from large scale production systems. A total of 240 households (30 from each kebele and 10 from each investment sites) were randomly sampled for the survey. Focus group discussions were held with development agents, key informants and elders before the commencement of the actual survey. These discussions were used to obtain in- for survey of livestock breeds in Oromiya and found to be effective for such studies [17] and adopted for the current research with some modification to fit in the study areas situation. This questionnaire was interpreted in local language to make it first understandable. The questionnaire was pre-tested to check clarity and appropriateness of the questions. Based on the questionnaire information on breeding systems, production objectives, flock structure, production constraints, feeding management, diseases prevalence and marketing system were gathered. Observational studies were also applied in the study areas in addition to historical information about the production system collected from direct questioning of the sheep owners. Primary and secondary data were the sources of information used for the study. Primary data sources were the key informants during guided interviews. The households were selected based on sheep possessions and willingness to be part of the survey. The method of data collection employed was a single-visit formal survey [18] . For group discussion, 10 sheep breeders with long experience in sheep rearing were selected from each districts and interviewed to gather reliable information on the history of sheep breeds, farmers' reasons for keeping the various breeds and major sheep production constraints. The questionnaire were designed to obtain information on general household characteristics, livestock and flock structure, flock management, breeding practices, disease prevalence, production objectives, feeding management and production constraints. Also information on the general composition of the flock, breed, age, sex, purpose of keeping sheep, way of herding and market systems were collected for this study.
Data Analysis
The data were analyzed using descriptive statistics (SPSS 20.0, 2008 ). Farmer's preference rankings were summarized into index as weighted averages. The indices were calculated as suggested by [19] ; Index = Sum of (3 X number of household ranked first + 2 X number of household ranked second + 1 X number of household ranked third) given for an individual reason, criteria or preference divided by the sum of (3 X number of household ranked first + 2 X number of household ranked second + 1 X number of household ranked third for overall reasons, criteria or preferences.
Results and Discussion
Sheep Production Systems
A good understanding of the production system under which indigenous sheep breed are raised is essential in planning suitable improvement and conservation programs for breeds [20] [21] . The existence of smallholder and large scale sheep production systems in the present study area is in accordance to the previous studies [14] . The smallholder production system is characterized by small-scale holding and traditional rain fed system, which mainly rely on family labor, cultivate 1 to 10 ha of land, grow sesame and cotton as cash crops and sorghum as food crop. Cattle, goat, sheep and donkey were the livestock species reared by smallholders. In large scale systems, cultivated land range from 50 to 600 ha. Farmers produced sesame, cotton and sorghum as cash crops. Large capital investment, predominantly mechanized rain fed system, larger livestock holding and substantial number of hired labor were some of the distinguishing characteristics of the large scale system. Cattle, sheep and goat are the main livestock species kept by large scale farmers. The characteristics of the two production systems should be considered in sheep development programs in the study areas. Moreover, a separate sheep breeding programs may be required to capture the advantage of the production systems.
Land and Livestock holding Average land holding per farmer was 5.9 and 118 ha for smallholder and large scale farmers, respectively. According to [22] the smallholder holding is greater than the average landholdings of the highland districts of Debark (1.66 ha) and Layarmachiho (2.03 ha) districts. Only 8.6% and 11.5% of the land owned by smallholder and large scale farmers was used for grazing while most of the remaining land was used for growing crops. Out of the total crop land, about 65%
and 35% were used for cash crops and staple foods, respectively. The trend in land use was similar to the result reported by [14] . Grazing land has been decreasing due to an ever increasing human population and current greater use of communal grazing lands for crop production [14] . According to [23] the feed supply of the natural pasture in the Amhara National Regional State of Ethiopia is decreasing for similar reasons. Since the farmers were those having sheep, hundred percent of the respondents practiced sheep rearing (Table 1 ). Large scale farmers had the largest sheep flock sizes as compared to the smallholder farmers in both study districts. The smallholder sheep holding reported for Metema district is comparable to that reported by [11] , which was 16.02 ± 14.1
sheep per household. The large flocks kept by the large scale farmers in the study area is due to viable cross border trade with Sudan and availability of uncultivable free grazing areas. The smallholder's sheep holding in the present study area is also larger than that in the highland regions of Ethiopia where land is in short Relative contribution of sheep farming Table 2 shows ranking of the contribution of sheep farming, other livestock enterprises and crop production for the family consumption and cash income.
The smallholder systems give priority to crops as a source of food followed by cattle and goat. Whereas, for income generation cash crops contributed more than any other farming activities followed by sheep. In large scale systems, food crops ranked first as a means of food source followed by sheep and cattle. Large The contribution of the off-farm employment (self and formal employment) also accounts for some portion of cash earned. Sheep production objectives Table 3 show the ranks of sheep production objectives by smallholder and large scale farmers. Results of earlier studies [20] low-input production system has been discussed by [19] . This study noted higher economic value for litter size, lambing frequency and 12 month live weight to be important when intangible returns were included in the breeding objectives in smallholder production systems. In large scale systems, the primary reason of keeping sheep was income generation and investment opportunities indicating demand driven production objectives. The variation in production objectives between production systems observed in the current study are likely to be related to differences in social and economic contexts. In spite of all the multifaceted advantages of Gumz sheep mentioned by smallholder farmers, this study showed declining flock sizes in Gumz sheep, which implies the need for breeding strategies that target genetic improvement and conservation of the breed. 
Sheep Breeding Systems
The breeding systems practiced in the study area were both pure-breeding and crossbreeding. The most important sheep breeds found in the study areas were the indigenous Gumz and the exotic Rutana and few highland breeds. In addition, there is a crossbred sheep between Gumz and Rutana. Farmers reported that they managed to keep purebred Gumz for pure breeding and still practice crossbreeding between Gumz and Rutana breed. The proportion of the three genotypes (Gumz, Rutata and crossbreds) varies across the two production systems. The smallholder farmers primarily keep the indigenous Gumz sheep followed by the crossbreds (Table 4) . Whereas, the most represented sheep breed in the large scale production systems was the introduced Rutana sheep followed by the crossbreds. The average sheep flock size reported for smallholder system in the present study was higher than that reported at different districts by [11] and [28] for Gumz (16.02) and Horro (11.3), respectively. Larger flock size (24.0 to 19.0/heads per household) than in the present study was also reported by [29] and [30] in the central highland and lowlands of Ethiopia. Variation in flock sizes of sheep and goats among the production system across Ethiopia was also confirmed by the study of [12] . This variation is attributed to factors such as role of livestock, availability of land and feed and reliability of crop production.
Hence, the suitability and availability of uncultivable large extensive grazing land highest proportion of breeding ewes in the current study was similar to that reported in earlier studies [20] 
Herding Practices
Herding practice have an implication for designing genetic improvement programs and introducing improved sheep management such as strategic health interventions at village level [31] . The flock herding practices of the smallholder and large scale farmers reflects the breeding managements and has an impact on the flock size. The major type of herding practiced in the study areas was free grazing. About 51%, 31.7% and 17.2% of the smallholder farmers herd sheep together with goat, separate and either separate or sometimes with goat depending on the availability of hired labor, respectively. Because of their feeding habit, farmers prefer to manage sheep separately, but the majority of the smallholder farmers keep sheep with other livestock because of the shortage of labor [4] [24] reported that sheep and goat are herded together in Afar pastoral and agro pastoral system. In the contrary about 62% of the large scale farmers herd sheep separately and 38% rear sheep and goat flock together. According to [29] , sheep in the central highlands of Ethiopia are herded separately for grazing all year round using family members. (Table 5) 
Constraints to Sheep Production
Major constraints associated with sheep production as ranked by respondents are presented in Table 6 . Diseases, labor shortage, stock theft, drought, predator Table 5 . Herding practices across production systems in the study areas.
Production System
Sheep herding
Smallholder systems (%) (n = 180) Large Scale systems (%) (n = 60) and conflict between farmers were identified as the most important constraints limiting sheep production (Table 6 ). This is in agreement with that reported by [5] in Southern Region of Ethiopia. Disease and parasite were the most important constraints hindering sheep production by causing high mortalities. Similar to the present study, [32] attributed the decline in livestock population in northern Ethiopia to the high disease and parasite prevalence and shortage of feed.
Labour shortage as a major constraint to sheep production was also reported in different parts of Ethiopia [7] [24]. The high theft incidences reported in the study area was ascribed to proximity of the districts to Sudan making it easier for sheep rustlers to trek the animals across the border. The marketing channels of stock, which involve towns and its surrounding townships where there is a ready market for the mutton meat and made it easier to trade the stolen stocks [33] . To reduce sheep thefts, law enforcement agents should augment farmers' efforts by carrying out regular day and night patrols in the village. Formation of neighborhood watch committees to patrol the villages during the evening can also help to reduce the risk [34] . Feed shortage especially in the long dry season was critical problem in both production systems. Predator and conflict were minor concerns in both systems of sheep production.
Feed resources
In the wet season, natural pasture grazing on communal and private land was the major sources of feed for sheep in both production systems (Table 7) . Dry seasons feed resource comprises natural pasture, trees and shrubs, stubble grazing and crop residues with variable magnitude of uses of the feed types between the two seasons. Higher private natural pasture use by large scale farmers than small holders is due to the large proportion of uncultivated lands in this system.
Feed conservation practices and crop residue utilization are poor in both production systems. The natural pasture provides larger proportion of the feed resource in the wet season, but it hardly satisfies the quantity and quality required by the animal in dry season. Moreover, availability of other feed resources is less [35] , indicating the common phenomenon of feed shortage during the dry season. sheep production system through introduction of better feed development and conservation mechanism is very important. Among the various suggested strategies, supplementing the fibrous low quality basal diet with more nutritious and digestible feedstuffs could be one of the solutions to alleviate this situation and to improve sheep productivity. In this regard, [35] noted that sheep offered noug seed cake as supplement to hay showed higher body weight gain performance and conversion efficiency than those consumed only hay. Therefore, interventions that improve the productivity of sheep are important in creating wealth and improving the standard of living of resource-poor farmers [36] . Table 8 might be create uncontrolled mating between the Gumz and Rutana sheep breed.
Sheep health problems
Disease prevalence are often regarded to be major factors limiting the productivity of sheep raised by most rural farmers in the tropics and sub tropics [20] and the farmers are not able to achieve the expected amount of benefit from sheep production. Foot rot, pasteurellosis and respiratory disease are the major sheep diseases which affect sheep productivity in the smallholder production systems of the present study area and veterinary health care is also poor. Vaccination was provided for few common diseases and the service was provided by the government only during seasonal outbreak. Some smallholder farmers indicated that they sourced help from government veterinary services, while most of them treat the animals themselves by buying drugs from private drug suppliers.
Sheep pox, pasteurellosis and external parasites comprise the major reported diseases in the large scale systems. In contrast, employed veterinarians treat the sick animals in most of the large scale farmers. Types of disease and limited veterinary services reported in this study were in agreement with earlier reports [4] [11]. Similarly, these findings agree with previous reports [27] [37] that identified these factors as constraints to sheep production in different parts of the country as well as in the tropics [20] . Thus, previous and current findings indicate that healthcare to be one of the important packages that shall be considered during genetic improvement and designing of conservation programs. Application of train and visit methods of veterinary extension to farmers would result in improved disease diagnosis and ultimately improve animal health husbandry.
Wider utilization of indigenous breeds tolerant to disease could be another way in alleviating some of the problems. Farmers should also be made aware that they need to dip and vaccinate their sheep in order to reduce disease incidences.
The advantage of using locally adapted breeds as the way of combating diseases hence improving the livelihood of the rural Poor has been discussed elsewhere in tropics [38] . (Table 9) 
Marketing Systems
Sale of live animals is the primary purpose of sheep keeping followed by house consumption. Sheep were sold throughout the year for export market since there is always demand for sheep in Sudan. Both legal and informal sheep trade are operating at different magnitudes in the Ethio-Sudan cross-border. [10] [39] also reported the existence of trans-boundary trade between Ethiopia and Sudan which operate under legal and informal routs. About 68% of the large scale farmers primarily target legal traders who supply sheep for export market, while 25% targeted hired traders. On contrary, 56% of smallholder farmers target informal hired traders who supply sheep for export market, while 29% of smallholder target primarily household consumptions. [39] reported that hired traders come from Sudan to north western lowlands and make deal and transfer the animal through illegal routs. The practice of informal trade might be due to the high tariff rate charged in legal trade. Smallholder farmers indicated that higher price is received when they sold for informal traders compared to legal traders. According to interview result, 78.1% of smallholder farmers offer sheep for sale to meet their urgent needs at any time during the year. This supports the results of other authors who indicated sales of animals in order to meet emergencies of cash need [39] . About 21.9% of smallholder farmer's sold during major holidays of Christian and Muslims. On contrary, 86% of the large scale farmers indicated that they supply sheep to export market throughout the year. This is probably due to the perennial demand of sheep and attractive price in Sudan market. While, 14% of the large scale farmers sold sheep during major holidays of Muslims. This could be an added advantage to implement breed improvement program. Many breeding plan have failed since they do not consider market demand elsewhere in the world. Animals are sold at an early age and males of 3 -6 months in smallholder (34.2%) and 6 -12 months in large scale systems (48.1%) contributed the highest percentages of sold animals indicating young males are the most demanded and required class by sheep exporters and also fetched higher price as compared to other age group of sheep in Sudan market. However, this practice will have an impact on inbreeding and loss of genetic material since males that are rapidly growing are picked and sold before used for mating. Earlier work also reported negative selection practices due to the sale of best performing young animals [4] [7] [40] [41] noted that complete lack or insufficient number of breeding males in sheep flocks result in delayed services and negatively affect the flocks' reproductive performance and overall productivity. Breeding ewes were sold (3.6%) to local market very rarely in large scale systems than smallholder systems (14.4%). This may be due to the fact that large scale sheep owners kept females for breeding and only sold aged and un-productive ewes. Most common sheep breed sold to export market throughout the year was the Rutana sheep and its crosses. Rutana and its crosses fetched higher prices than Gumz sheep. The Gumz sheep was more preferable on domestic market and local consumers' prefer Gumz sheep meat than Rutana which show the superiority of one breed over another in terms of growth and carcass characteristics [42] [43] (Table 10) .
In both systems, sheep are one of the income sources for farmers which are similar to previous reports [4] . The money obtained from the sale of this animal is used to purchase different utilities (Table 11 ). This finding agrees with the earlier reports [25] indicating the importance of small ruminants as main source of household income for farmers and pastorals in various developing countries.
Conclusion
The study revealed a number of relevant issues that help in developing effective Hence, we recommend designing of conservation-based breeding program to conserve the locally adapted Gumz breed as well as to improve sheep production and productivity in the area through rational utilization of all the two genotypes and their crossbred. For designing a sustainable breeding program for Gumz sheep, the traditional management system, production objectives, herding and breeding practices, marketing and production constraints specific to the two systems identified in this study shall be considered. Feed resource management interventions, efficient delivery of animal health services and profitable market outlets are required to increase the benefits of sheep rearing to the keepers of these valuable sheep resources.
